Objective: The purpose of this study was to compare carotid endarterectomy (CEA) plus medical therapy (MT) with MT alone for symptomatic and asymptomatic patients suffering from carotid artery stenosis in terms of long-term stroke/death rate.
I
NTRODUCED IN 1954 by Eastcott et al, 1 carotid endarterectomy (CEA) has been proposed as the gold standard for the treatment of carotid artery stenosis in symptomatic patients (eg, transient ischemic attack [TIA] , nondisabling stroke, or retinal infarction within the last 6 months) and asymptomatic patients (eg, reasonable option) provided that the patient has a 5-year life expectancy and that the combined stroke/death rate at 30 days is lower than 6% for symptomatic patients and lower than 3% for asymptomatic patients. 2 Asymptomatic is defined as the absence of symptoms of an ipsilateral stroke or a TIA within the last 6 months and may include patients with a previous contralateral or vertebrobasilar stroke or a TIA. Medical therapy (MT) should consist of at least antiplatelet drugs for patients with a noncardioembolic ischemic stroke or a TIA associated with carotid atherosclerosis; treatment of arterial systemic hypertension; statin agents targeting low-density lipoprotein (LDL) of 100 mg/dL, for those with coronary heart disease or symptomatic atherosclerotic disease and LDL of 70 mg/dL for very high-risk persons with multiple risk factors; intensive insulin treatment for type-1 diabetic patients; and cessation of smoking. 3, 4 However, recommendations in favor of CEA plus MT versus MT alone are based on randomized, controlled trials (RCTs) only published up to 2004. 2 Therefore, it seems appropriate to challenge these recommendations. The purpose of the present meta-analysis was to compare CEA plus MT with MT alone for symptomatic and asymptomatic patients suffering from carotid artery stenosis in terms of long-term stroke/death (ie, the patient died of any cause or is alive but suffered from any type of stroke).
METHODS
A search for all RCTs published in English comparing CEA plus MT with MT alone in patients with carotid artery stenosis was performed in the American National Library of Medicine's PubMed in August 2011 with the following terms: (1) "carotid artery stenosis AND carotid endarterectomy" limited to "English" AND "human" [4, [1, 960, 535 hits], and (3) 1 and 2 ϭ 1,779 hits. The references lists of all articles retrieved and the ones of the recent previous meta-analysis on the topic also were checked. 2, 3, 5, 6 When data were published in more than one report, available reports were consulted, but the study (not the report) was considered the unit; therefore, no study was considered more than once. As recommended by the Cochrane Collaboration, the RCTs were judged on the information contained in the reports without any assumption of the following: (1) adequate sequence generation (quasi-randomized studies were rejected); (2) allocation concealment (inability of the person who was recruiting the patient to know in advance to what group the patient would be assigned); (3) blinding of patients, the personnel, and the assessor for the 2 outcomes of interest; (4) incomplete outcome data addressed (clear description of the fate of all patients included in the study); (5) free of selective reporting (outcomes of interest clearly available for all patients included in the study); and (6) free of other bias (any other possible factor that could have influenced the results). Data were extracted in texts, tables, or figures as required. Only real data (no estimated figure) were considered. Unless specified otherwise, stroke included all strokes originating from any cerebral vessels (ischemic or hemorrhagic) from any territory (and not just ischemic strokes originating from the ipsilateral carotid artery). Death included deaths from any cause. Data were analyzed with RevMan 5 (for the risk of bias assessment) (Version 5.0; The Nordic Cochrane Centre, Copenhagen, Previous CEA, cerebral infarction, high surgical risks, and life expectancy Ͻ5 y excluded Current smoker: 
RESULTS

Asymptomatic Patients
The search produced 6 RCTs, including 5,733 patients (CEA ϭ 2,853 and MT ϭ 2,880) for asymptomatic patients. [7] [8] [9] [10] [11] [12] The characteristics of the trials relevant to asymptomatic patients are given in Table 1 . None of the studies had applied a complete medical treatment as to actual standards. The quality of the studies is summarized in Figure 1 . The definitions used for the diagnosis of a stroke for each study are given in Table 2 . CEA does not affect the stroke/death risk for asymptomatic patients (risk ratio [RR] ϭ 0.93; 95% confidence interval [CI] ϭ 0.84 to 1.02; I 2 ϭ 0%; p ϭ 0.14; Fig 2) . There was no relationship between the year when the original report was published and the effect size (log odds ratio; p value of the slope of the meta-regression ϭ 0.81; Fig 3) . For these 6 studies, the overall stroke/death rates for follow-ups between 2 and 3.4 years were CEA of 29.7% and MT of 28.3%. For the Asymptomatic Carotid Surgery Trial (ACST)-1 study, a follow-up up to 10 years (median ϭ 9 years; interquartile range, 6-11 years) is available. 13 Data for combined stroke/death rates are not provided. The number of nonperioperative strokes was 39 and 68 for CEA and MT, respectively, for a total number of 56 for CEA and 71 for MT. Half of the strokes were disabling ones (ie, the person will require assistance for daily life activities) for the survivors (RR ϭ 0.79; 95% CI, 0.56-1.11; p ϭ 0.18). The total number of deaths (including the perioperative mortality) was higher for CEA (571 for CEA and 502 for MT; RR ϭ 1.14; 95% CI, 1.03-1.25; p ϭ 0.01).
Symptomatic Patients
For symptomatic patients, the search produced 5 trials. 14-18 One study was excluded from the analysis because it included patients operated on for other vessels than the carotid artery and stenosis from 30% and higher without the possibility to selectively extract the outcomes of interest (stroke/death rate for severe [Ն70%] carotid artery stenosis). 15 One trial used a surgical technique that is no longer in use (ie, femorocarotid bypass for all patients) and also was excluded. 17 For 1 study, follow-up is available for only 11.9 months. 18 Two trials that included 5,627 patients (CEA ϭ 3,069 and MT ϭ 2,558) were retained for the analysis (Tables 3 and 4; Fig 4) . For a stenosis Ͻ50%, adding CEA was either of no benefit or harmful (Fig 5) . For stenosis between 50% and 69%, trying to add the data of this category from those 2 trials gave a high amount of heterogeneity (I 2 ϭ 94%). The technique of measurement for the degree of stenosis in those 2 trials was different. The formula for equivalence was as follows: European Carotid Surgery Trial (ECST) ϭ (0.6 ϫ North American Symptomatic Carotid Endarterectomy Trial [NASCET]) ϩ 40. Therefore, a 50% degree of stenosis in the NASCET trial was equivalent to a 70% stenosis in the ECST trial. If the group of 50% to 69% of the NASCET trial was regrouped with the severe stenosis of the ECST trial, then the RR of this subgroup would be 0.69 (95% CI, 0.59-0.81; p Ͻ 0.001 [random effects model]; I 2 ϭ 0% on the OR and 17% on the RR [benefit or harm side]; Fig 5) . This new subgroup contained 2,295 patients (CEA ϭ 1,213 and MT ϭ 1,082). The number needed to treat calculated on the OR is 11 (95% CI, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The classic fail safe number (ie, the number of missing negative studies required to bring the p value to 0.05) is 19. The stroke/death rates at 2 to 2.7 years of follow-up were 20.9% for CEA plus MT and 30.4% for MT alone. 
DISCUSSION
Results found here differ significantly from the following American Academy of Neurology's recommendation: "It is reasonable to consider CEA for patients between the ages of 40 and 75 years and with asymptomatic stenosis of 60 to 99% if the patient has an expected 5-year life expectancy and if the surgical stroke or death frequency can be reliably documented to be Ͻ3% (Level A)." 2 Results from the RCTs available provide a follow-up between 2 and 4 years, with the exception of ACST-1, which gives a follow-up of 9 years. When considering all available data, there is no evidence that CEA provides any benefit to the patient in terms of any stroke/death risk. The benefit of CEA in asymptomatic patients recently has been questioned on the basis that an improvement in MT may overcome the small benefit of CEA added to MT in this population. 19 However, in the present meta-analysis, there was no effect of time on the effect size (Fig 3) , implying that the absence of benefit from the surgery in asymptomatic patients cannot be imputed to a better use of medical therapy. Some prior conclusions (eg, those of the Asymptomatic Carotid Atherosclerosis Study [ACAS]) were based, in part, on imputed long-term results extrapolated from medium-term results. 7 These assumptions failed to take into account that this population has an overall short life expectancy. It could be argued that only ischemic strokes occurring in the territory of the operated carotid artery and perioperative death or perioperative death plus nonperioperative deaths secondary to strokes should have been considered. However, it was the opinion of the authors that no matter the reason for the stroke or death, these events should be included. Indeed, if the study population (ie, patients suffering from a carotid artery stenosis symptomatic or not) is at too high of a risk of dying or suffering a stroke of any nature in any other territory any time soon after the surgery, then the intervention would be considered an unnecessary risk for the patient. The number of cardiovascular and cancer deaths in this population during a 5-year interval may by far exceed the number of stroke-related deaths whether they are perioperative or not. As an example, in the ACST-1 study, which had a mean follow-up of 3.4 years only, the number of cardiovascular, cancer, and other deaths was 237 for CEA versus 204 for 
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MT in a cohort of 3,120 patients. 8 These numbers easily erased any benefit (short-or long-term) of CEA, which produced 27 perioperative (30-days all causes) and nonperioperative strokerelated deaths versus 46 for MT. 8 At 10 years, mortality was even higher in the CEA group than in the MT group. 13 Although it was said that smoking counseling would be performed, the smoking status, which is an important risk factor for both death and stroke, of the patients included in the ACST-1 study was not published.
The authors also decided not to consider TIAs. A TIA may serve as a warning sign before proceeding to surgery but will not leave any permanent damage to the patient in itself. Previous authors have argued that TIAs are associated with an increased risk of stroke and that therefore reducing them would be beneficial. However, the present analysis is more definitive because it includes enough patients to be able to eliminate a difference in the more important outcomes, those that will last (ie, the number of patients with strokes/deaths). Therefore, it allows to directly determine an outcome difference in stroke/ death rather than relying on a surrogate (TIA). All strokes, minor and major, were entered because even minor strokes may affect the quality of life of the patients as measured by the 36-item Short-Form Health Survey at 1 year. 20 The 2007 average lifetime cost of a CEA was estimated to be $35,200, and for carotid artery stenting (CAS) it was $52,000 (not including the cost of clopidogrel, ultrasound examinations, follow-up visits at clinics, and other indirect costs). 21 According to the 2006 Nationwide Inpatient Sample, which includes 20% of all US discharges from nonfederal hospitals, approximately 90% of interventions were performed on asymptomatic patients. 22 The average rate of these procedures per 1,000 Medicare patients in 2007 was estimated to be 2.5 for CEA and 0.6 for CAS. 23 Thus, for asymptomatic patients, CEA has an average cost of $79,200 per 1,000 Medicare patients (2.5 ϫ 90% ϫ $35,200), and CAS represents a cost of $28,188 per 1,000 Medicare patients (0.6 ϫ 90% ϫ $52,000). The total cost of an intervention for asymptomatic carotid artery stenosis represented $107,388 per 1,000 Medicare patients ($107.39 per patient) in 2007. On a national basis, this amounts to $3.7 billion for Canada (Canadian population ϭ 34 million) and $33.4 billion for the United States (US population ϭ 311 million). Those are substantial amounts of money for interventions for which no definite evidence of benefit can be found in the present medical literature.
For symptomatic patients, data extraction was limited to a period of 5 years or less because there would not be any benefit expected from a CEA on a symptomatic patient beyond 2 to 3 years. 16 This study confirms that recently symptomatic patients may benefit from CEA in terms of stroke/death (number needed to treat ϭ 11; 95% CI, 8-11). Certain conditions are required. Patients included in those studies were recently symptomatic (Ͻ6 months). After a certain amount of time, the risk of a further stroke after a TIA or a minor stroke decrease with time, possibly because of some healing of a fragile plaque. 14,16 If a major stroke is to be avoided, the patient should go to surgery as soon as possible as described in those 2 major trials unless, of course, the patient has progressive neurologic damage. 14,16 Finally, to compensate for the initial increased risk associated with the surgery, the patient has to have a reasonable life expectancy. Here, the benefit was clear with a 2-year follow-up. Also, the risks associated with the surgery itself have to be low. The 30-day stroke/death rates of the 2 trials were 3.7% and 5.6%. 14,16 This is consistent with a rate below 4% as in 3 other recent major trials. 20, 24, 25 Finally, this study confirmed that a cutoff in the degree of stenosis is required to make CEA worthwhile; patients with a low degree of stenosis would have no benefit and even, potentially, could be harmed by the procedure (Fig 5) . Here, it becomes tricky because the amount of stenosis varies according to the technique used to measure it. A 50% degree of stenosis would be required to consider the patient a candidate for CEA if the NASCET technique is used, whereas a 70% degree is required if the ECST technique is used.
Some authors have suggested that CEA would be of limited benefit for symptomatic patients with near occlusion, whereas others consider that an emergency intervention is required for preocclusive carotid stenosis or carotid occlusion in patients with an acute stroke, a stroke in evolution, or a crescendo TIA (multiple repetitive events within a 24-hour period that do not respond to antiplatelet therapy). 4, 6 Among all the possibilities, this urgent intervention may include CEA for acute stroke depending on the context. 4 Surgery (endarterectomy of the common and external carotid artery with transection and flush ligation of the internal carotid artery) with the addition of oral anticoagulation also is advocated in patients with occlusion and recurrent neurologic or ocular symptoms. 4 Immediate operative re-exploration also is indicated for early postoperative thrombosis at the endarterectomy site. 4 Patients with carotid artery occlusion are also at a higher risk of a perioperative cerebrovascular accident if they undergo cardiac surgery. 4 The present meta-analysis did not allow any specific conclusion on these subgroups to be made. For patients with a contralateral occlusion, CEA may be associated with a better outcome if the surgery is performed under regional anesthesia as opposed to general anesthesia. 26, 27 The benefit of CEA for women also has been questioned by some authors. 6 Women and individuals with small carotid arteries are at a higher risk of early neurologic events and late restenosis. 4 Because there is some evidence to suggest that carotid patch angioplasty may reduce the risk of perioperative arterial occlusion and restenosis and would appear to reduce the risk of ipsilateral stroke with a nonsignificant trend toward a reduction in any perioperative stroke rate and all-cause case fatality, patch angioplasty may be the answer to this objection. 28 Both the NASCET and the ECST trials were performed before the widespread use of statins. However, it is highly improbable that statins could abolish the effect of CEA in symptomatic patients. In the present metaanalysis, CEA reduced the stroke/death rate by approximately 10% (ie, from 30.4% to 20.9% after 2-2.7 years). Statins have no demonstrable effect in terms of risk reduction within the 1st year of their introduction and will reduce the stroke rate (fatal and nonfatal) by 1.4% (from 5.7% to 4.3%) and any death by 1.8% (from 14.7% to 12.9%) after 5 years. 29 The conclusions that CEA would benefit only symptomatic patients and not asymptomatic ones agree with those of Nagaki et al 30 who, using a Markov model, found that the number of quality-adjusted life years that asymptomatic patients would obtain from CEA would be very low. CAS has been proposed as an equivalent to CEA. However, results from RCTs failed to establish CAS as an equivalent. 31 Compared with CAS, CEA reduced the RR of stroke at 30 days (RR ϭ 0.50; 95% CI, 0.38-0.67; p ϭ 0.000002; event rate ϭ 2.8% and 5.6%) without any statistically significant effect on the death rate. Surgery could be delayed 4-6 wk after a recent stroke.
MT for HT and counseling for cigarette smoking, aspirin None lost to follow-up for Ն70%, average 1.5 y. Mean follow-up 5 y for Ͻ70% for 99.9% of the patients.
Abbreviations: NASCET, North American Symptomatic Carotid Endarterectomy Trial; ECST, European Carotid Surgery Trial; GA, general anesthesia; HT, hypertension; MI, myocardial infarction; RA, regional or local anesthesia; IV, intravenous. *A NASCET 70% stenosis corresponds to an 82% ECST stenosis (formula: ECST ϭ [0.6 ϫ NASCET] ϩ 40).
In conclusion, the present meta-analysis provides evidence that CEA is helpful for recently symptomatic patients with a 50% (NASCET technique equivalent to 70% ECST technique) degree of carotid artery stenosis or more and with at least 2 years of life expectancy but adds no benefit in terms of stroke/ death for asymptomatic patients. Abbreviations: NASCET, North American Symptomatic Carotid Endarterectomy Trial; ECST, European Carotid Surgery Trial; CEA, carotid endarterectomy; MT, medical therapy alone; GA, general anesthesia; HT, hypertension; MI, myocardial infarction; RA, regional or local anesthesia.
*For inclusion in the study, symptoms could involve the eye or the brain.
